. Dynamic light scattering CONTIN plots of subunits and corresponding spherical MCMs of polystyrene-block-polybutadiene-block-poly(methyl methacrylate) triblock terpolymers (SBM3-6). In DMAc, well-defined subunits with hydrodynamic radii in the range of R h,app = 11 nm -14 nm can be found (left column). A clear shift in the dimensions is observed after dialysis against acetone/isopropanol (60/40 v/v) with values ranging from R h,app = 36 nm -54 nm, depending on the morphology of the formed spherical MCMs (middle column). The absence of an angular dependence of the DLS data by plotting the reduced decay rate,/q 2 , as a function of the squared scattering vector, q 2 , and almost constant values for/q 2 in all cases confirm spherical MCMs with very narrow size distribution (right column). Polydispersity and anisometry typically lead to the observation of a curved plot (see Supplementary Figure S4 , see also Supplementary Table S1 for terpolymer characteristics). 
upon dimerization of "inverse hamburger" MCMs. Here, a small step in the grey-scale analysis can be observed before the intensity levels off to the background of the carbon coating, thus confirming the presence of terminal PS compartments. Note also the unusual non-spherical shape of the black polybutadiene compartments. Hence, these combined staining efforts unambiguously demonstrate the structural differences between BSB "hamburger" and SBS "inverse hamburgers" as well as their dimerized (SBS) 2 = SBSBS "double-burger" analogues. (h) Longitudinal end-to-end aggregation of "double-burger" MCMs. See also the extension of the concept of supramicellar polymers to TCD, which provides additional convincing imaging data for the aggregation of "inverse hamburgers" into "double-burgers" and subsequent end-to-end polymerization into colloidal chains (Fig. 6d-f in the main article). Therein, the pH allows tuning the corona volume and enables the observation of various intermediates via changing the acidity. , as a function of the squared scattering vector, q 2 , for SBM9 at two different acetone/isopropanol solvent compositions. (e) The angular dependence of the DLS data is very weak, thus confirming near spherical "double-burger" MCMs in acetone/isopropanol (80/20 v/v). (f) Upon a further decrease of the solvent quality, step-growth polymerization into supra-colloidal worms is triggered and leads to higher values for R h,app, q  0 > 1000 nm. In case of chain-like colloidal assemblies, additional rotational and bending modes contribute to the distribution of relaxation times, resulting in an observation of a dependence of the decay rate, /q 2 , on the squared scattering vector, q 2 . In consequence, the strongly curved plot suggests the presence of long, non-spherical objects in acetone/isopropanol (50/50 v/v). The number average diameters of the PB patches are in the range of 16.1 ± 0.6 nm for all structures, thus nearly constant. Considering the slightly different geometries of the PB domains (spherical in subunits vs. elliptic in MCMs) and the unlike swelling in the various solvent mixtures, the uniformity strongly suggests exchange/assembly of intact subunits. Fusion and fission of PB domains as well as exchange of unimeric polymer molecules would result in larger differences. with R h,app = 41 ± 9 nm. All TVB block terpolymers were synthesized via sequential living anionic polymerization starting with butadiene, followed by the addition of 2-vinylpyridine and tert-butyl methacrylate 57 . We changed the typical acronym sequence from BVT to TVB, as PB acts as the corona in this case. The characteristics of TVB1-3 are summarized in Table S1 . TVB features a very polar and high T g middle block, for which MCMs with a PB corona can be formed in non-polar solvents such as hydrocarbons (dodecane). The preceding subunits with P2VP core and PtBMA/PB corona can be created in a solvent mixture cyclohexane/THF (80/20 v/v). TVB1 refined subunits after annealing for 48 h at 50 °C. Interestingly, the corona phase separation of the subunits can be clearly visualized. The micelles exhibit a dark P2VP core and a diffuse grey PB corona before annealing, whereas 3-5 dark PB patches were observed for the annealed sample. This demonstrates enhanced corona phase separation (refinement) by annealing. (c) Chain-like MCMs polymers are generated by subsequent dialysis of TVB1 into the final solvent dodecane. The PtBMA patches found for the subunits must significantly rearrange during this process. (d) Stronger branched polymeric MCMs obtained for TVB2 and 3D network formation for TVB3 (e). TEM shows worm-like MCMs in all cases despite the much larger asymmetric ratios of V PtBMA /V P2VP compared to SBM. This can be explained considering the drastically different polymer/polymer and polymer/solvent interactions. As derived in Eq. 3 (main manuscript), the condition  AS <  BS is fulfilled, i.e., the surface tension of P2VP towards dodecane is higher than that of PtBMA as concluded from the interaction parameters,  P2VP,dodecane = 0.81 > PtBMA,dodecane = 0.27 (calculated from the corresponding solubility parameters using the increment method). In the series of TVB1-3, the increasing PtBMA content leads to more branching points, but the high interfacial tensions prevent spherical growth of subunits and keep the aggregation direction preferably linear. This exemplifies an important design criterion for targeting superstructures. a SBM = polystyrene-block-polybutadiene-block-poly(methyl methacrylate), SBV = polystyrene-block-polybutadiene-block-poly(2-vinylpyridine), SBT = polystyrene-block-polybutadiene-block-poly(tert-butyl methacrylate), TVB = poly(tert-butyl methacrylate)-block-poly(2-vinylpyridine)-block-polybutadiene, TCD = poly(tert-butyl methacrylate)-block-poly(2-(cinnamoyloxy)ethyl methacrylate)-block-poly(2-(dimethylamino)ethyl methacrylate), tSfBT = Poly(tert-butoxy styrene)-block-poly(C 6 F 13 C 2 H 4 S-ethylethylene)-block-poly(tert-butyl methacrylate) and NnBEO = Poly(N-isopropyl acrylamide)-block-poly(n-butyl acrylate)-block-poly(ethylene oxide). b Subscripts denote the degrees of polymerization of the corresponding blocks and superscript is the exact molecular weight in kg/mol determined with 
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Supplementary Note 1 Kinetic Study of MCM Formation by a One Step Dialysis Procedure
The exact pathway of MCM formation during dialysis from a good solvent for all blocks into a final selective solvent (or mixture) has remained unclear so far -also in the literature. An answer to this question is accompanied by experimental difficulties, i.e., to clearly monitor changes during the dialysis process. Therein, structures continuously evolve with the solvent exchange and crucial intermediates, chain rearrangements and structural transformations can be difficult to identify. Supplementary Figure S5 depicts the results for the direct dialysis of SBM3 from the good solvent THF into an acetone/isopropanol mixture (60/40 v/v), where that polymer forms well-defined "clover" MCMs, SB 3 , using our controlled two-step process (i.e. DMAc against acetone/isopropanol) An analysis of the solvent composition via 1 H-NMR revealed a surprisingly fast solvent exchange, practically completed after only 90 min ( Supplementary Fig. S5a ). TEM samples prepared at specific times during this process are shown in Supplementary Figure S5b -i. During this process, distinct species can be identified where again small subunits can be found that assemble into the final MCMs, albeit with a lower quality of the final structure as discussed in detail in Supplementary Figure S6 .
After 10 min (Supplementary S5b, 47 % THF remaining), micelle formation with a strongly THFswollen PB core and a mixed PS/PMMA corona (subunits) is indicated by the observed aggregates without clearly distinguishable phases. After 20 min ( Supplementary Fig. S5c , 20 % THF), isolated hamburger MCMs can be identified among a majority of single subunits. The imaged objects are already better defined, originating from an increased selectivity of the solvent mixture and decreased swelling of the blocks PS and PB. At longer dialysis times, subunits appear more developed with PBcore and PS/PMMA-corona. Supplementary Figure S5e shows a frequent example of coexisting subunits, "hamburger" MCMs and newly formed "clover" MCMs. We take this as evidence for the assembly of intermediately formed subunits into the final MCM structures. After 50 min subunits are rarely found anymore (Supplementary Fig. S5f ). "Hamburger" MCMs are the predominant species after 60 min (see Supplementary Fig. S5g ), whereas more "clovers" can be found after 90 min due to the increasingly diminishing solvent quality (Supplementary Fig. S5h ). The latter are the dominant fraction after a complete equilibration time of 18 h ( Supplementary Fig. S5i ).
Importantly, compared to the two-step process involving a defined, intermediate dissolution step in DMAc, the fine structure of the MCMs herein is less defined. The fraction of "clover" MCMs is much smaller, demonstrating larger heterogeneity that is unsuitable for further self-assembly to the next higher level. We further comment on a comparison of the various preparation routes in Supplementary Note 2.
In summary, direct dialysis from a good solvent for all blocks into the final solvent mixture also illustrates the observation of subunits and their further assembly into final MCMs. The important difference to our two-step, controlled process is that a defined equilibration in the state of subunits does not occur as the structures continue evolving with the rapid solvent exchange. The collapse of the middle block as first component in this dialysis procedure is governed by the various interactions (solubility parameters etc.) but is also favored on account of the connection of the PB block on both sides with other polymers, leading to an enhanced tendency for phase-separation vs. e.g. being connected on one side only. On account of the less defined and fast process, the final structures are less defined as compared to our developed two-step, directed self-assembly methodology using a defined intermediate step.
Supplementary Note 2 Fine-Structure and Homogeneity of the MCMs Depending on the Preparation Method: Direct Dispersion vs. One Step Dialysis vs. Two Step Dialysis
A well-defined monodisperse structuring of the MCMs is of great importance for colloidal superstructure formation. This section addresses the advantages of our two-step approach vs. previous methods. Therefore, we compare the resulting MCM fine structures of different polymers as a function of the preparation pathway: (a) direct dispersion in the final solvent, (b) dialysis from a good solvent for all blocks into the final solvent (termed: one step dialysis, see Supplementary Fig. S5 ), and (c) step-wise reduction of conformational degrees of freedom using an intermediate step in a selective solvent for both A and C (termed: two step dialysis).
As depicted in Supplementary Figure S6 "football" MCMs, as formed by SBM2 ( Supplementary  Fig. S6a1-a3) , represent the most reported MCM example in the literature 14,15,17,47,49 and probably are the thermodynamically most robust morphology. This structure can be obtained for a suitable polymer (SBM2) for all three preparation techniques investigated. The large fraction of the soluble PMMA block helps maintaining dynamics and facilitates their preparation even via direct dissolution.
Significant differences occur in case of SBM3, SBM6, and SBM9, which form uncommon and more labile morphologies. Direct dispersion of the terpolymers only leads to "football" MCMs or even more ill-defined structures ( Supplementary Fig. S6b1, c1 and d1) . The polydispersity of the fine structure and overall size-distribution increases as compared to SBM2. The rather exceptional "clover", "hamburger", or chain-like MCM morphologies are exclusively obtained via the two step dialysis as shown in Supplementary Fig. S6b2-d2 and S6 b3-d3.
Further evaluation of the inner fine structure reveals important differences between direct dialysis from a common solvent to the two step procedure using DMAc as intermediate solvent. Although qualitatively the same structures can be obtained, the fine structure is significantly more developed in case of the more controlled two step approach using the DMAc step. Therein, "clover" and "hamburger" MCMs are almost exclusively observed ( Supplementary Fig. S6b3 and c3) .
Additionally, the one step dialysis procedure results in a higher polydispersity of the aggregates (Supplementary Fig. S6b2 and c2 ). For instance, SBM6 exhibits almost equal fractions of subunits, "hamburger" and "clover" MCMs, thus not corresponding to a well-defined structure formation. Similarly, the worm-like MCMs ( Supplementary Fig. S6d2) show much higher branching, originating from structural inhomogeneities of the underlying MCM monomers. Hence, quantitative differences between the procedures are evident.
These effects are not specific to a particular triblock terpolymer system. Similar behavior can be observed for SBT and SBV polymers ( Supplementary Fig. S6e1-e3, f1-f3) , for which highest homogeneity can again only be obtained for the two step dialysis.
Consequently, homogeneous populations of complex MCM morphologies may not be accessible using direct dispersion or fast one step dialysis, but essentially require a control of the pathway as exercised via our controlled/dedicated process. As expected, this problem is more pronounced for larger fractions of solvophobic blocks, meaning reduced overall dynamics for structural rearrangements.
To further underscore the importance of maintaining dynamics, Supplementary Figure S6g1 -3 and h1-3 show results obtained for the self-assembly of TCD at pH = 6 and pH = 10 in water. In contrast to the other previously shown polymers in organic solvents, water serves as final solvent for TCD. Due to its unique solvent properties, H 2 O suppresses dynamics of solvophobic (here hydrophobic) segments for amphiphilic triblock terpolymers more efficiently than organic solvents in case of solvophobic blocks. Therefore, the kinetic obstacles are more pronounced and even larger differences between the three methods can be observed. Direct dispersion completely fails at both pH values in the observed time frame of one week. The solution stays macroscopically phase-separated and only some micron-scale ill-defined aggregates can be found. Secondly, the one step dialysis (as would commonly be applied to such polymers) leads to nanosized aggregates, but a distinct nanostructuration cannot be observed. The polydispersity of these aggregates increases significantly when using alkaline water (pH = 10) as compared to water with pH = 6. This can again be understood considering the better solubility of the D corona chains upon slight protonation at pH = 6 and the therewith higher dynamics.
In strongest contrast to these methods, the two step dialysis furnishes well-defined nanostructured aggregates whose degree of aggregation into linear chains can be changed by the pH value. Such an unprecedented control is not achievable without distinct and precise control of the selfassembly pathway.
In conclusion, these important results convincingly demonstrate the advantage of an intermediate reduction of the degrees of conformational freedom in a first solvent (e.g. DMAc), leading to well-defined key subunits and, in turn, drastically improved control over structure and polydispersity of the final MCMs. Moreover, fine structures are accessible with the two step process that remain inaccessible using previous state-of-the-art dispersion methods.
Supplementary Note 3 Scaling analysis for spherical MCMs
The corona of the MCM is formed by solvated C chains protruding from the B-domains (patches) into the solution. , accounts for the excess free energy of the interfaces between collapsed B and A segments and solvent, as well as that of the interfaces between B and A domains: The interfacial free energy (Eq. S2) can be presented in the form 
The total interfacial free energy can be presented as 
Finally, the interfacial free energy per chain can be presented as
where we have omitted numerical factors of the order of unity in the last expression.
The corona contribution to the free energy should be specified separately for starlike and for the crew-cut micelles.
For starlike micelles,
, the free energy of the corona (per chain) can be presented as 
The first term in Eq. S10 describes steric interactions between segments of the C-chains, which are confined between the B-patches within the core region of width
Here, we also introduced the characteristic size of a B-patch
The second term in Eq. S10
accounts for steric interactions in the peripheral regions of the corona, i.e., at distances from the core surface exceeding h patch . Remarkably, Eq. S10 applies both under good and theta-solvent conditions for the corona chains. The outermost radius of the corona, , for good solvent , for near-solvent
Minimization of the free energy of the micelle given by Eqs. S1, S9, S10 with respect to m and p enables us to derive the total aggregation number and the number of patches in the equilibrium spherical starlike MCMs. The total aggregation number
in spherical starlike MCMs is controlled by the balance of the interfacial energy of the core and the contribution to the free energy of the coronal regions at a distance from the core exceeding the distance between the centers of adjacent patches, h patch Here, the core radius 
The number of patches (B-domains) is given by
The number of patches is controlled primarily by the ratio / , for good solvent ln , for near-solvent
Minimization of the free energy of the micelle given by Eqs. S1, S9, S16 with respect to m and p enables us to find the total aggregation number and the number of patches in the crew-cut MCM. The result is given by If condition of Eq. S19 is violated, the crew-cut MCMs are expected to be instable and further aggregation or superstructure formation occurs.
Core morphology
We first consider starlike micelles formed by terpolymers with nearly symmetrical core-forming blocks, N v N v the collapse of the A-domains does not lead to any significant change in the aggregation number as compared to the "precursor" micelle with a mixed A/C corona; further, this does not lead to aggregation of the precursor micelles. According to Eq. S14 the number of B-domains is of the order of unity, though the scaling approach does not enable us to specify the exact number of patches, e.g., to distinguish between 2 n  ("double burger") and is the core radius and x is the root of the equation 
where the numerical constant is of the order of unity.
